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Abstract—Communication and knowledge are changing the
world. At the same time they challenge universities whose
conventional model shows limits. The request of different forms
of knowledge and different types of knowledge workers direct
the future of universities.

The general discussion on research and the answers to the
above five questions are the basis for a reasonable indication
of what must be and will be the University for the future.

I. Introduction
It is commonplace to say that we live in the Information
Age, but what is truth is that we live in the Knowledge Age
with electronics as disciplined that prompted the transition
from the Post-Industrial to the new Age. Electronics is undergoing tumultuous advancements that gave and are giving rise
to a continuous flow of sophisticated, easy to use apparatus
and tools, instruments, communication and storage devices,
portable and miniaturized systems capable to operate with very
little power, many of them used for investigations in other
disciplines. Because of this we can say that electronics propels
the development of a wide spectrum of other knowledge.
There is a side social impact on electronic advancements:
the multitude of electronic aids and devices is such that people,
especially new generations, expect to see results immediately
without needing the traditional phases of preparation and
description of phenomena by formal procedures and patient
scientific observation. We can say that the practice of studying
the correlation between cause and effect is increasingly fading.
Fewer and fewer people want to know “Why it happened?”
They are just interested in immediate outcomes; the link
between results and the reasons behind them puzzles people
less and less: they rely on machines and robot. This obviously
can prevent the search for new solutions and the origination
of new design methodologies.
The unavoidable cultural shift is not negative in itself but
denotes two things: increased relevance of electronic education
aids and reduced effectiveness in traditional teaching methods.
The natural and positive evolution of modern times must
be exploited for favoring the professional growth of young
generations. It is therefore necessary to promptly reshape universities and high-education institutions for properly answer
Knowledge Society needs.
This is generally true, but, as it will be evident shortly, it
has special impact on electronics and related disciplines. This
presentation discusses various implications and, after briefly
describing the past high-education institutions tries to give an
answer, accounting for electronic disciplines, to the following
questions: What is the new role of university? Whom should
universities serve? What should we teach? How should we
teach? Where should we teach?

University is a very old institution. It is an autonomous,
self-governing establishment that was developed as religious
institutions (madrasahs) in medieval Islamic countries (Morocco and Egypt). Europe quickly followed these Islamic
developments, as Italy founded its first university (Bologna,
1088) approximately two centuries after the first institution
was founded (University of Al-Karaouine, Fez, 859).
The purpose of medieval university, a word derived from
Latin: universitas magistrorum et scholarium, is to preserve
knowledge by a patient reworking of scribes and the transfer of
knowledge through a community of teachers and scholars. The
focus, after initial religious and theological studies, moved to
the so called artes, philosophy, letters, arts, arts and sciences,
and humanities. Then, law and medicine became university
subjects. In more recent times the focus included mechanics,
chemistry and, finally, electricity.
A key milestone of the electrical discipline was the invention
of the pile, announced on March 20, 1800 by Alessandro Volta
to the president of the Royal Society Joseph Bank. Fig. 2
shows Volta describing his invention to Napoleon.
The pile and other key inventions in electricity gave rise
to practical benefits in relative short periods of time, but
the key feature of university, the academic freedom, was not
affected by the economical interests generated by research
outcomes. Academic freedom is a solid belief affirmed by

978-1-4673-0821-2/12/$31.00 ©2012 IEEE
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Fig. 1.

Scribe rewriting an ancient document.

Unfortunately, the arguments are fragile especially for activities that require a massive use of money. In addition, when
economy experiences unfavorable cycles, the contrasts become
more evident. All the above, enforced by the necessity of
changing teaching methods, causes an accelerated transition
aimed at redefining the role of universities and its relevance
for contributing to human progress.
The future order, after a transition phase, can be obsolescence or renewed and increased relevance, depending whether
future policies will drive high-education and its research
toward central aims or will resist to change. A disconnected
activity is obviously unsuitable; however, studies too close to
short term problems threaten the future.
IV. Academic Freedom
Fig. 2.

Volta presents his invention, the pile, to Napoleon.

specific charters (the first was the Constitutio Habita adopted
by the University of Bologna in 1158) that guarantee the right
of free activity in the only interests of science and education.
Another feature, initially endorsed by many institutions in
Europe and Middle East, is the right to award academic degrees for advanced studies. Because of this practice, University
has been considered for centuries the institution that, through
degrees, assigns the legal right of practicing a profession.
The academic freedom and the institutional (and legal) role
protected the university for centuries. It operated, as it is said,
in an “ivory tower” searching truth and satisfying scientific
curiosity. Since exploiting findings was casual and distant in
time, insightful Kings, princes and aristocrats, perceiving the
global social value and appreciating long term benefits of
research, subsidized universities. The support was also made
possible because, thanks to relatively small sizes and kind of
activity, the cost was “affordable”.
III. The Transition Phase
For centuries the only desire of “natural philosophers” was
to describe nature. A strong justification of free research was
that knowledge advancements are produced by curiosity-driven
activity. Two features upheld the latter belief: (1) the cost
of research was low and (2) there was a generational time
gap between discoveries and their transformation into wealth.
Now, experiments are very expensive and discoveries quickly
become relevant for economy. Indeed, it is because of the
economic relevance that citizens consent to invest tax money
for scientific activity. That is a conviction contrasting with
the researchers believe which want continuing to enjoy the
past freedom. Since the public opinion starts whispering of
privileges, some scientists, aware of that, overemphasize the
cost-effectiveness of free research. They claim as payback incidents occurred during researches (like the penicillin discovery) or outline byproduct generated when studying unrelated
disciplines or obtained just facing challenging problems.
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It is certainly essential ensuring and safeguarding academic
freedom. However, what really favors progress is not absolute
freedom of research, as supposed granted by the academic
freedom, but open mindedness, or, better, freedom from research mindsets. It is freedom and responsibility. When mindsets become strong responsibility fades and the attitude to face
true challenges weakens. Ironically, believing that scientific
research is just discovering the unknown is also a mindset
that harms scientific activities. The intellectual undertakings
essential for the wellness of our people are seen as business
and the social responsibilities are supposed to be out of the
research domain. When confronted with social requests, some
scientists reply that what Universities and research centers
produce is enough to benefit industry. This, simply through
the application within companies of the latest world state-ofthe-art knowledge. But assuming that knowledge is generally
and globally valuable means refusing, in essence, any form
of feedback from the outside, including the time relevance of
research, and means considering only consensus of peers.
Research for knowledge-based economy, especially in electronics and related disciplines, must be linked to knowledge for
future wealth (either in material civilization, or in the mental
and moral nature of man) within a 6-10 years perspective, thus
resulting from a realistic and proactive vision of the future
world. Accordingly, a key role should be the inception of
networks that links scientists at high-education institutions,
industries and Government Agencies. Through the network
and by proper network initiatives future social necessities (at

Fig. 3. Small future cash flow makes it difficult justifying expensive research
experiments.

the global level) are predicted, new technologies identified
and the “design of future products (material and intellectual)”
started. The network will uphold universities in their knowledge generator role. The links between personnel in firms
and Universitys researcher must produce the right vision and
optimize the use of public funds in the support of advanced
research.
V. The Five Answers
The role of University in the Knowledge Era is not just
to generate scientific and technological knowledge but also to
provide a more general support to societies. Since University
is the place where future citizens are forged, it is required
to favor a proper blending of diverse essential features: solid
background knowledge, flexibility, ethic behavior, cooperative
spirit, mobility, capability to rapidly transmit and spread
information, doing rather just knowing, learning by doing and
failing. It is therefore necessary a new approach in all the
disciplines, including social sciences, arts and economy. The
mission will generally refer to the capability to promote the
progress of high-tech; and, at the same time, to advance the
national health, prosperity, and welfare.
Since powerful electronic and communication tools have
a relevant role in the future University, the five questions
anticipated in the introduction require answers having in mind
Electronics and related disciplines. Below I am trying to
address the issues as an initial attempt to find proper solutions.
A. What is the new role of university?
Welfare of a nation depends, in the long run, on the quality
of human resources. Therefore, Higher Education must be able
to satisfy the needs of knowledge and favor the skills required
by a global competitive world market. However, knowledge
is not a unique concept. We can classify the form in which
knowledge appears into three categories:
Tacit knowledge: it is personal, un-codified and difficult
to diffuse. Tacit knowledge is hard to code because
it is expressed through action based skill and cannot
be reduced to rules and recipes. It is learned through
extended periods of experiencing and doing a task, during
which the individual develops a feel for and a capacity
to make intuitive judgment about the successful execution
of the activity. Therefore, tacit knowledge originates from
the abstraction over time of the cultural and technical
activity of an individual.
Explicit knowledge: it may be object based (codified with
words, numbers, and formulas) or rule based (codified
with rules, routines or standard operating procedures).
Explicit knowledge facilitates an effective transformation
of knowledge into practical results.
Cultural knowledge: it is the cognitive and affective
structure of an organization. It is the set of believes norms
and values that govern the behavior of the organization
members. The cultural knowledge constitutes the glue of
an organization.
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Fig. 4 shows how tacit and explicit knowledge interact one
each other, boosted by cultural knowledge. Universities in the
past were mainly focused on explicit knowledge. In the future,
it will be necessary to create an environment that cultivates and
to favor all the three forms of knowledge.
B. Whom should universities serve?
There are four different types of knowledge “workers”.
University must be able to serve and provide the required
capabilities to all of them. The four types of “worker” are:
Knowledge user: this is the main task typically involving
the majority of firm personnel. The use of knowledge requires a solid technical background, capability in searching and understanding codified information, capacity in
reproducing previous outcomes, ability in using tools and
executing procedures.
Knowledge transformer: this concerns the knowledge
transformation from tacit to explicit or from explicit to
explicit in a way that increases the global knowledge
assess of an organization.
Knowledge protector: tacit knowledge is self-protected.
By contrast explicit knowledge, being codified, can be
easily transferred. It is traditionally protected in two
ways: by secrecy or by legal protection (with patents).
However, in the high-tech world knowledge is a perishable good. After a short time the knowledge that
determined a technical advantage is surpassed by fresh
knowledge. Therefore, instead of a “static” knowledge
protection it seems more effective a “dynamic” knowledge protection, mainly based on the speed of use and
the rapid knowledge transformation into products.
Knowledge creator: it has been and will continue to be
the avenue to progress and innovation. However, today,
and in the years to come, it is necessary to create the
right knowledge at the right time. The so-called basic
research aimed at discovering the unknown is weakly
connected to a direct origination of welfare. The research
activity and the knowledge creation for high-tech (mainly
electronic based) “future business” cannot be blind and
timeless. Guidelines (or, better, inspired directions) for
the university investigations are essential. They should

Fig. 4.

Models of knowledge.

match the social and cultural society evolution.
C. What should we teach?
The answer to this question depends on the type of knowledge “worker”. For knowledge users an “assembling line” like
approach can be initially appropriate. Wide spectrum curricula,
how to use tools and comprehension of methodologies are
important. Similar answers are suitable for two other types:
knowledge transformer and knowledge protector. On the contrary, knowledge creators need specialized and focused topics
and required to give challenging targets. The approach is much
more like a “craftsman workshop”.
Having two different approaches in the same institution is,
however, problematic. On another hand, having different kind
of universities that refer to contrasting models can be source of
conflicts. The issue is complicated by the fact that for hightech disciplines a mix of “assembling line” and “craftsman
workshop” can be necessary.
D. How should we teach?
The past education approach relied on the patience and
focus of students. The two features allowed to construct stepby-step the building of knowledge, starting from fundamentals.
The impatience of today’s students who expect immediate
results (and fun) contrasts with ancient methods: the traditional
bottom-up strategy is not well received anymore.
The issue is therefore finding the optimal way to store (i.e.:
remember) information and transform it into “professional
experience” (tacit knowledge). The central question is: Why
do we remember certain things but not others? The answer is
that in order to remember it is necessary to pay attention: the
special ability to focus on specific information.
There are two important factors for paying attention:
availability of cognitive resources and choice. Modern tools
and gadgets favor multitasking, which limits the cognitive
resources necessary to devote attention to a given topics.
Therefore, creating conditions that dissuade using gadgets is
very important. Equally important is the choice of attention.
It results from an enduring interest which directs the focus on
that particular issue (selective attention).
The above indicates new and important tasks for universities: to provide perspective and motivation to students in order
to draw attention and attract them to the field. How to do that

Fig. 5.

The digital generation.

978-1-4673-0821-2/12/$31.00 ©2012 IEEE

is controversial. Typically, methods based on the top-down
approach are suitable because students see first systems and
applications with which they are familiar. The result is some
interest on concepts that facilitates teaching fundamentals.
The use of labs (possibly virtual) and open-ended design
projects, based on advanced technologies, favors learning by
example. The students recognize the assignments as rewarding
and are willing to invest their best efforts. Expert mentoring of
weak groups preserves balanced performance in the classes.
E. Where should we teach?
This is a very important point. Advanced communication
technology enables the so called Open University. The idea is
that a teacher can reach students far away, thus enabling students to learn remotely. There are many claimed advantages:
learner autonomy, more effective tutoring, course variety,
lower costs and better feedback.
Today’s students spent their early lives surrounded by visual,
electronic media, home computers, video games, cyberspace
networks, and virtual reality. They are unwilling to learn
starting from basic concepts, they even resist to read a manual,
they are rather inclined to learn through (virtual) participation
and experimentation. The approach, when provided through
a media-rich environment, may seem more effective than old
methods. However, is the trend, pushed by advantages and
attitudes, the possible driver of the university model of the
future? Indeed, technology is a huge enabler but it is not a
substitute for the real thing. The point is that distance-learning
is suitable for explicit knowledge. For tacit knowledge faceto-face experience, whether it is between students and their
teachers or the students themselves, is vital.
University will use a wide range of digital technology and
online teaching modules to help students but the common form
of learning, by working as apprentice to a master will remain a
labor-intensive but the right answer to needs of modern society.
Perhaps lifetime education that will soon become a reality, will
be mainly remote, making learning available for anyone who
wants to learn, at the time and place of their choice, without
great personal effort or cost.
VI. Conclusions
In this discussion I don’t intent to suggest a particular
model for the university for the future. Indeed, the everincreasing challenges characterizing high-education makes it
evident that there will be many critical facets, many requests to
institutions serving our society. But an educational system that
operates like a “diploma mill” is certainly useless. The idea
that the main purpose of attending universities is to obtain
the credentials needed to advance careers is a wrong mindset.
Also systems that create “robot like” graduates is negative.
This highly complex, rapidly changing world demands
multidisciplinary skill, commitment, creativity, and diversity.
More than any other type of institution, universities have the
unique potential for creating the optimal cultivation soil for
innovation and social progress.

